We analyze two two-mode continuous variable separable states with the same marginal states. We adopt the definition of classicality in the form of well-defined positive Wigner function describing the state and find that although the states possess positive local Wigner functions, they exhibit negative Wigner functions for the global states. Using the negativity of Wigner function as an indicator of nonclassicality, we show that despite these states possess different negativities of the Wigner function, they do not reveal this difference as phase space nonclassicalities such as negativity of the Mandel Q parameter or quadrature squeezing. We then concentrate on quantum correlation of these states and show that quantum discord and local quantum uncertainty, as two well-defined measures of quantum correlation, manifest the difference between negativity of the Wigner functions. The non-Gaussianity of these states is also examined and show that the difference in behavior of their non-Gaussianity is the same as the difference between negativity of their Wigner functions. We also investigate the influence of correlation rank criterion and find that when the states can be produced locally from classical states, the Wigner functions can not reveal their quantum correlations.
I. INTRODUCTION
In continuous variables quantum systems, the nonclassicality of a state is closely related to the nonclassicality of the corresponding quasiprobability distribution functions in phase space [1] . Because of the uncertainty principle, it is not possible to define a unique well-defined distribution function, however, there exists a continuous family of quasiprobability distribution functions
can become negative or more singular than a delta function over some region of phase space. A state whose Wigner function takes on negative values over some region of phase space is nonclassical, however, the converse is not necessarily true, i.e. there exist states with positive Wigner function which show nonclassical properties. Perhaps one of the most important application of the Wigner function is in the classification of continuous variables quantum states according to the classical vs nonclassical and Gaussian vs non-Gaussian paradigms [7] [8] [9] [10] [11] [12] . For pure one-and multi-mode states, it was proven by Hudson [7] and Soto and Claverie [8] , respectively, that the Gaussian states, i.e. states for which the associated Wigner function is a Gaussian function, are the only pure states which have nonnegative Wigner functions. Steps toward the extension of the Hudson theorem to characterize mixed quantum states with a positive Wigner function [9] have been made by finding upper and lower bounds on the degree of non-Gaussianity of states with positive Wigner functions [10] , and looking at criteria to detect quantum non-Gaussian states, i.e. nonclassical states that cannot be expressed as a convex mixture of Gaussian states [11, 12] .
With the rise of quantum information science, other important signature of quantumness and the role of negativity of the Wigner function as an indicator have attracted attentions. It is shown that quantum nonGaussian states with positive Wigner functions are not useful for quantum computation [13, 14] , implies that the negativity of the Wigner function can be grasped as a resource in quantum computing and simulation. In view of this, efforts have been made to suggest quantitative measures of nonclassicality either as the volume of the negative part of the Wigner function [15] , or as the distance to the convex subset of positive Wigner functions [16] .
Quantum correlation is a manifestation of nonclassical-ity of composite quantum systems, and a question arises as to whether the negative Wigner function can be interpreted as a sign of the quantumness of correlation. Two aspects of quantum correlations are quantum entanglement [17, 18] and quantum discord [19, 20] . Quantum entanglement is defined within the entanglementseparability paradigm [21] ; a bipartite state ρ is entangled if it is not separable, i.e. if it cannot be written as a convex combination of product states as ρ = are states on H A and H B , respectively. In the light of this, the well-defined positive P function of a two-mode state is a sufficient condition for separability, i.e. ρ = d 2 α 1 d 2 α 2 P (α 1 , α 2 )|α 1 α 1 | ⊗ |α 2 α 2 |. However, we have to mention that it's negativity does not necessarily mean entanglement because this negativity could be the result of nonclassicality of a local state or correlations beyond entanglement [22] . Although the amount of entanglement is invariant under local unitary transformations, nonclassicality does not possess this property. Marek et al. [22] utilized this property for Gaussian states, and found local unitary operations to remove all the local manifestations of nonclassicality with the goal of reducing global nonclassicality as much as possible, leading to the equivalence between criteria of nonclassicality and entanglement. However, entanglement is not the only aspect of quantum correlations and there exist quantum correlations that can not be captured by entanglement. In [19] Ollivier and Zurek have introduced quantum discord as a measure of quantum correlation beyond entanglement (see also [20] ), and it is discovered that it can be responsible for the quantum efficiency of deterministic quantum computation with one qubit [23, 24] . Quantum discord is defined from an information-theoretic perspective; a bipartite state ρ is said to have nonclassical correlation with respect to part A if it cannot be distinguished locally on part A, i.e. if it is not possible to find orthonormal basis Π
. In [25] it has been shown that the set of classical-classical states, i.e. separable states that are locally distinguishable and do not possess quantum discord in any side, and the set of states with a positive P representation are almost disjoint and they are maximally inequivalent. In another word, the set of positive P functions do not often includes the set of zero-discord states, and vice versa.
An important difference between the quantum correlation within the entanglement-separability paradigm and the one described by the information-theoretic perspective is the fact that quantum entanglement can not increase under local operations and classical communication (LOCC) but quantum discord would be increased. Moreover, it has been pointed out that [26] local operations performed on a classical state can produce a state with nonzero quantum discord. Very recently, Mani et al. [27] have considered two sets of separable Bell-diagonal states which have different nonzero quantum correlations, although they are prepared by the same type of quantum operations acting on classically correlated states with equal classical correlations. They have investigated this difference and found that it is related to the hidden classical correlation which is needed for preparation of these states.
In this paper we focus on the possible connection between nonclassicality in phase space and nonclassical correlation. In particular, we concentrate on the negativity of the Wigner function as an indicator of the nonclassicality in phase space and the nonclassical correlation defined from an information-theoretic aspect, i.e. quantum discord. To this aim we introduce two twomode separable states with nonzero quantum discord, and study their nonclassicality both from the nonclassicality in phase space and the existence of nonclassical correlations. Our motivation to choose these states is that: (i) Both states are classical within the entanglementseparability paradigm, but they are nonclassical when we look them from the information-theoretic perspective. (ii) The states possess the same marginal states with positive Wigner functions. (iii) The Wigner functions of these states are negative with different values of negativity. Having these states, we first look at various manifestation of phase space nonclassicalities and find that although these states possess different negativities of the Wigner function, they do not manifest this difference as the phase space nonclassicalities such as negativity of the Mandel parameter or quadrature squeezing. We then focus our attention to the quantum correlations of these states and quantify their quantum correlations by original quantum discord [19] , local quantum uncertainty (LQU) [28] , and geometric discord [26] . We find that quantum correlation reveals this difference in the sense that the state with more negativity of the Wigner function possesses more quantum correlation, measured by either the quantum discord [19] or by LQU. The nonGaussianity of these states is also examined and it is shown that the difference between their non-Gaussianity is the same as the difference between negativity of their Wigner functions.
Further, we study the role of the correlation rank criterion in revealing quantum correlation by negativity of the Wigner function. For this purpose we introduce two other separable states with the same nonzero quantum discord. Moreover, in contrary to the previous case, the introduced states are such that the associated correlation rank of these states is 2, so that their quantum correlations can be created by local channels [26] . In this case, our calculations show that both states and their marginals possess the same positive Wigner functions. Our results show that the ability of Wigner function to capture the quantum correlation is failed when the states can be produced locally from classical states.
Finally, we consider two classical states which possess the same positive local Wigner functions, but their global Wigner functions are negative. The negativity of global Wigner function of these states are different, however they do not exhibit squeezing and their Mandel Q pa-rameters take the same negative values. Looking at the states show that the states change to each other by local unitary transformation, an operation that leaves invariant classical, quantum and total correlations. So that the difference between negativities of these states can not be explained by aforementioned nonclassicalities. This lead us to introduce a new quantity using a local unitary operation that bring local subsystems to classical and, at the same time, reduce the amount of the negativity of the Wigner function of the state as much as possible [22] . By definition such defined quantity is invariant under local unitary operations performed on the subsystems and associate to each state, up to a local unitary operation, a unique measure of nonclassicality.
The remainder of this paper is organized as follows. In section II we introduce two two-mode states and study their Wigner functions. The negativity of their Wigner functions as well as their Mandel parameters and degrees of squeezing are also examined in this section. Section III is devoted to the quantum correlations of these states. In section IV, we study two quantum correlated states with rank 2 and study the role of correlation rank criterion. We conclude the paper in section V with a brief discussion.
II. TWO DISCORDANT SEPARABLE STATES
An important class of states of the continuous variables quantum systems is the so-called coherent states [3, 4, 29] . Coherent states result from applying the displacement operator D(α) to the vacuum state |0 of the quantized field, i.e. |α = D(α)|0 for α ∈ C. They constitute the overcomplete set of the eigenstates of the annihilation operator a, i.e. a|α = α|α , and can be expressed in terms of the photon-number states {|n =
|n . Moreover, coherent states are the only states minimizing the Heisenberg uncertainty relation, and their photon number distribution is the Poissonian statistics, i.e. P n (|α|
n! . Now, let |γ and | − γ be two coherent states of the single-mode Hilbert space H s , (s = A, B). Obviously, these states are not orthogonal in the sense that Γ = γ| − γ = exp (−2|γ|
2 ). However, one can define two orthogonal states |γ e , |γ o , i.e. even and odd coherent states [30, 31] , as
where N e,o = 1/ 2(1 ± Γ) is the normalization constant. With these preliminary single-mode states in hand, we are now in a position to define two two-mode states ρ (++) and ρ (+−) , acting on the Hilbert space H = H A ⊗ H B , as 
It turns out that the Wigner function of the above state can be written as
where W ψ (α) denotes the Wigner function of the pure state |ψ . Using Eq. (1) and the combination rule for the displacement operator as
, and ℑαγ * = Im(αγ * ). Clearly, both W γ (α) and W −γ (α) are nonnegative, but W γe (α) and W γo (α) may take negative values for some values of γ and α. However, the sum of these latter Wigner functions become positive in the whole phase space. To see this, and for further use, let us rewrite the local Wigner function (6) as
where
Evidently, both W q (α) and W c (α) are nonnegative everywhere in phase space, so that local state (5) possesses nonnegative Wigner function, as depicted in Fig. 1 for |γ| = 2 . Now in order to calculate the Wigner function of the global states (3) and (4), we need to use the fact that the Wigner function of the product states is given by the product of the Wigner functions of each part, i.e.
. Using this we find
These Wigner functions are not positive in the whole phase space. Negativity of the Wigner function is a witness of nonclassicality of the state, so that measuring any departure from positivity of the Wigner function may be used as a quantitative witness of the nonclassicality of the state. To this aim, we use the volume of the negative part of the Wigner function [15] as a measure of the nonclassicality. More precisely, the nonclassical volume is defined as a quadruple volume of the integrated negative part of the Wigner function of a two mode quantum state as [15] δ N W (ρ) = · · · |W ρ (p 1 , q 1 , p 2 , q 2 )|dq 1 dp 1 dq 2 dp 2 − 1.
(10) Using this definition, one can calculate negativity of the Wigner function for the states above. In Fig. 2 , we have plotted δ N W (ρ (++) ) and δ N W (ρ (+−) ) as a function of |γ|. As it is apparent from the figure, both states possess nonclassicality. Indeed, for low values of |γ| the states have different negativities
), but by increasing the value of |γ|, they reach to the same asymptotic value overall state to be identified with entanglement [22] , this nonclassicality is due to various nonclassicality in phase space, such as squeezing or quantum statistics, or it may be interpreted as a signature of other correlations, such as classical correlation or quantum correlation beyond entanglement.
Before we proceed further to consider nonclassicality in phase space and nonclassical correlation for these states, let us investigate the nonclassical behavior of these states measuring by non-Gaussianity. By definition, the quantum state ρ is said to be Gaussian if its characteristic function or, equivalently, its Wigner function has a Gaussian form, so that Gaussian states possess positive Wigner functions. Gaussian states have minimum entanglement for given second moments and nonGaussian states are useful to improve parameter estimation [32, 33] . Indeed, there exists a connection between nonclassicality and non-Gaussianity in the sense that all pure non-Gaussian states are nonclassical states, and any pure state with non-negative Wigner function is Gaussian [7, 34] . Deviations from Gaussian behavior are often the sign that an interesting nonclassical phenomenon occurs and several measures of non-Gaussianity were proposed [35] [36] [37] [38] . According to [38] , the degree of non-Gaussianity of a state ρ is defined by
where 
where S(ρ) is the von Neumann entropy of the state ρ. and d
are the symplectic eigenvalues of the covariance matrix σ of the reference Gaussian state τ . Here ∆(δ) = I 1 + I 2 + 2I 3 where I 1 ≡ det(A), I 2 ≡ det(B), I 3 ≡ det(C), and I 4 ≡ det(σ) are four local symplectic invariants of the covariance matrix
with R = {q 1 , p 1 , q 2 , p 2 }. For the considered states ρ (++) and ρ (+−) we find
respectively, where u = Figure 3 shows the behavior of nonGaussianity of ρ (++) and ρ (+−) in terms of |γ|. This figure shows that for low values of |γ| we have δ N G (ρ (+−) ) < δ N G (ρ (++) ), but by increasing the value of |γ|, they reach asymptotically to the same value. We are now in the position to study the various nonclassicalities of these states in phase space.
Mandel parameter.-As it is already mentioned in section II, coherent states are the only states that their photon number distribution is the Poissonian statistics, i.e. the variance of the photon number distribution is equal to the expected value of the photon number. It follows that although a coherent state possesses a maximum coherence between the photon numbers, all the photon number detections are independent. On the other hand, when for the same mean photon number the distribution has a larger or smaller variance than a Poissonian distribution, the distribution is called super-Poissonian or sub-Poissonian, respectively. The Mandel Q parameter measures the departure of the photon statistics of the field from the Poissonian statistics [39] in the sense that Q > 0 and Q < 0 correspond to the super-Poissonian and sub-Poissonian distribution, respectively. The superPoissonian statistics refers to the photon bunching effect which can be described by classical optics [40] . On the other hand, the sub-Poissonian statistics is a signature of photon antibunching [41] , a nonclassical characteristic of light with photons more equally spaced than a coherent laser field.
The Mandel Q parameter is defined as the normalized variance of the photon distribution and in each mode is defined by
Hence, the Q parameter for both of the states ρ (++) and ρ (+−) takes the same value
for s = A, B, which clearly takes negative value for all |γ|.
As a matter of fact the notion of Mandel parameter defined by Eq. (18) for each mode of the two-mode states is a trivial extension of the definition formulated primarily [42] for one-mode situations. Indeed, the sub-Poissonian statistics of a two-mode state may in general manifested in the linear combination of the modes different from the mode chosen for the analysis [43] . In view of this, Arvind et al. [43] have defined the Mandel Q parameter for the SU (2) transformed mode
Here α 1 and α 2 are complex numbers such that |α 1 | 2 + |α 2 | 2 = 1. Based on this, the signature of the nonclassical nature of ρ, as manifested in the photon statistics, is defined by the SU (2) invariant definition of the Mandel Q parameter as [43] Q(ρ) = min α∈SU (2) Q(ρ; α) = Q(ρ; α),
where a(α) denotes the mode in which the sub-Poissonian statistics is manifested to the maximum degree. Now, after some calculations, we find for both states ρ ρ (+−) that α 1 = 1, α 2 = 0 or α 1 = 0, α 2 = 1, so that subPoissonian nature manifested by Eq. (19) is the most that can be revealed by ρ. Figure 4 shows the Q parameter of these states versus |γ|. This figure demonstrate, however, that the considered states do exhibit same photon statistics, i.e. the Mandel parameter can not distinguish the nonclassicality of these two states exhibited by negativity of the Wigner function.
Squeezing.-Now we look at the quadrature squeezing of our considered states. Defining the superposition quadrature operators as [44] 
the system possesses squeezing in one of the quadratures 1 or 2 if condition (∆X 1 ) 2 < 1 4 or (∆X 2 ) 2 < 1 4 is satisfied. Equivalently, one can describe the presence of squeezing in quadrature 1 or 2 if condition D j = 4(∆X j ) 2 − 1 < 0 is satisfied for j = 1 or 2. For the states ρ (++) and ρ (+−) we find
and
respectively, where we have used γ x = Reγ and γ y = Imγ. Clearly, the two-mode quadrature squeezing for both states ρ (++) and ρ (+−) is zero, i.e. squeezing can not distinguish these two states.
III. QUANTUM CORRELATION
So far we have shown that the nonclassicality properties of a two-mode photon field, such as sub-Poissonian statistics and quadrature squeezing cannot distinguish these two states. Now we turn our attention on the quantum correlation to investigate in detail the difference between two states. To this aim, we first note that states ρ (++) and ρ (+−) have the two-qubit representation by defining computational basis {|e = |γ e , |o = |γ o }, for an arbitrary value of γ and for each mode A and B. By definition, these qubit basis depends on the value of γ, so that any change in γ leads to the new vectors in the infinite-dimensional Fock space of the light. For example, in the limiting case γ → 0, the states |e and |o reduce to the vacuum and single-photon states {|0 , |1 }, respectively, but on the other hand in the limit of large value of γ the coherent states |γ and | − γ become macroscopically distinguishable, so that the vectors |e and |o reduce to the so called Schrödinger's cat states
(|γ ± | − γ ), respectively. Now, with this definitions, in the two-qubit basis {|ee , |eo , |oe , |oo } we find
where we have defined
For further use, let us mention here that for a general γ these states not only are locally but also globally unitarily inequivalent, in the sense that they possess different spectrum of eigenvalues given by
However, in the limit of γ → ∞ the two states reduce to Bell-diagonal states, i.e. states with maximally mixed marginals, and become equivalent up to a local unitary transformation iσ y = σ z σ x preformed on the one of the subsystems. As a result, as we will see in the following, in the limit γ → ∞ nonclassical futures of the above states are equivalent. Moreover, one can easily see that for an arbitrary γ we have det (T ρ (++) ) = det (T ρ (+−) ) = 0, where T is a 3 × 3 matrix defined by T ij = Tr(ρσ i ⊗ σ j ) with σ i (i = 1, 2, 3) as the Pauli matrices. This, implies that the above states are fundamentally different from the two-qubit separable states with maximally mixed marginals, considered in [27] . Indeed, the states of Ref. [27] belong to the two different classes with regard to the sign of det (T ), but they becomes locally equivalent if det (T ) = 0.
As these states are both separable, i.e. disentangled, we therefore pay attention to the quantum correlation beyond the quantum entanglement. To this aim, we use quantum discord, local quantum uncertainty (LQU), and geometric discord as the possible measures of quantum correlation.
Quantum discord.-Quantum discord of a bipartite state ρ, acting on the Hilbert space H = H A ⊗ H B , is defined as the difference between two classically equivalent but quantum mechanically different definitions of quantum mutual information as
In this equation {Π A i } = {|a i a i |} is the set of projection operators on the subsystem A, and the conditional state ρ|Π A i is the post-measurement state, i.e. ρ|Π
] being the probability of the i-th outcome of the measurement on the subsystem A. We notice here that the quantum discord is in general not symmetric under the swap of the two parties, A ←→ B, i.e. measuring on A rather than B may induce different amounts of disturbance on the generic bipartite states.
Turning our attention to the states ρ (++) and ρ (+−) , one can easily find that the optimal measurement is σ z [45, 46] , so that
where (29) and (30), respectively. Figure 5 -a compares the quantum correlation of these states, measured by quantum discord, as a function of |γ|. Interestingly, two states have different quantum discords. More precisely, for low values of |γ| (γ = 0) we have Q(ρ (+−) ) < Q(ρ (++) ), but by increasing the value of |γ|, the discords reach to the same asymptotic value. This behavior is in agreement with the negativity of the Wigner function (Fig. 2) as well as with the non-Gaussianity (Fig. 3) , so that quantum discord can exhibit the difference between nonclassicality of states ρ (++) and ρ (+−) . Local quantum uncertainty.-Local quantum uncertainty (LQU) of a bipartite state ρ is defined by [28] 
where minimum is taken over all local observables on A with nondegenerate spectrum Λ and
is the skew information [47] . For an arbitrary state ρ of a qubit-qudit system defined on
A admits a computable closed formula as [28] 
where λ max denotes the maximum eigenvalue of the 3 × 3 symmetric matrix W whose matrix elements are
for i, j = 1, 2, 3. For the states ρ (++) and ρ (+−) one can find
In Fig. 5-b we have plotted the LQU in terms of |γ|. Remarkably, LQU can also reveals the difference between nonclassicality of these states manifested by negativity of the Wigner function (Fig. 2) or non-Gaussianity (Fig. 3) . Geometric discord.-The geometric discord D G is defined as the squared Hilbert-Schmidt distance between the bipartite state ρ and the closest classical-quantum state χ [26]
where Ω denotes the set of zero-discord states. For a general two-qubit state, a closed relation for the geometric discord is given in [26] . For the states considered in this paper, we find that both states have the same geometric discord
So that, geometric discord can not manifest the difference between the quantum correlation of these states.
The difference of negativity of the Wigner function of states ρ (++) and ρ (+−) is only seen in quantum correlations of these states, measured by quantum discord or LQU, whereas all the other nonclassicalities are equal or do not exist, so that one can conclude that this difference is caused by quantum correlation beyond entanglement. However, as it is clear from the figures 2 and 5, this conclusion is flawed for γ = 0 where the states take different nonclassicality of the Wigner function but possess the same quantum correlation, measured by quantum discord or LQU. As we will see below, this incompleteness in the connection between nonclassicality of the Wigner function and the quantum correlation can be explained by the notion of rank criterion.
IV. CORRELATION RANK CRITERION
The rank L of a density operator determines the number of orthogonal operators which is needed to represent a density matrix, and is an important discrete measure for deciding that [48] : whether a quantum correlated state can be produced from a classical state by means of local operations, i.e. is the quantum correlation useful for quantum processing tasks. For a two-qubit classical state we have L ≤ 2, whereas a general twoqubit quantum state can achieve all values 1 ≤ L ≤ 4. Therefore for states with nonzero discord that can be created locally from classical states we have L ≤ 2 [48] . Turning our attention to the states (3) and (4) one can see that, when γ = 0, both states have equal rank L(ρ (++) ) = L(ρ (+−) ) = 3, i.e. they can not be prepared locally from classical states, however, for γ = 0 the rank of both states reduces to 2, so that they can be prepared from classical states by means of local channels. Using this fact we will argue that the disability of quantum correlation to capture the difference in nonclassicality of the Wigner functions of the states ρ (++) and ρ (+−) for γ = 0, may be related to the locally producibility of these states from classical states. In the light of this, one may expect that the classical correlation can reveal this difference, in particular for γ = 0 where the states can be prepared by quantum operations acting on the classically correlated states. Looking at the total and classical correlations of these states, one can find that the states possess different nonzero total
and classical correlations
depicted in Fig. 6 , where S(ρ 
). More importantly when γ = 0, i.e. when the states can produced locally from classically correlated states, the classical correlation captures the difference between nonclassicality of the Wigner function, a future that is out of the scop of quantum correlation.
Quantum states with correlation rank 2.-To provide additional insight for understanding the role of rank in such states, let us consider the following rank 2 states, obtained from the first two terms of states (3) and (4)
respectively. It is remarkable that the above states can be created locally from the classically states. To see this let us define the channel Φ as
Applying this channel to both modes as Φ ⊗ Φ, we lead to
where σ or by more probing measures such as quantum discord (54) and LQU
Here, Classical states with correlation rank 2.-Finally, let us consider the following two classical states, obtained from the last two terms of states (3) and (4) 
respectively. Local Wigner functions of these states are positive and are given by Eq. (9). Moreover, both states have zero quantum correlation and the same classical and total correlations, namely I(σ
Negativities of these states are different and nonzero (Fig. 7-a) , however they do not exhibit squeezing and their Mandel Q parameters take the same negative values (Fig. 7-b) . So that the difference between negativities of these states can not be explained by aforementioned nonclassicalities. However, a glance at these states show that they are locally equivalent, in the sense that two states change to each other by unitary transformation S x = |γ e γ o | + |γ o γ e | performed on the one of the subsystems, i.e. σ
(S x ⊗ I). As the amount of quantum correlation as well as classical correlation do not change by local unitary transformations, but the nonclassicality does not possess this property, the difference manifested in Fig  7- a may be related to the other nonclassicalities in phase space, such as higher order squeezing [49] or the photon antibunching [41] which is, in general, not equivalent to the sub-Poissonian distribution [50] .
Minimum Negativity.-In the previous example we see that although the states σ (++) c and σ (+−) c possess different negativity of the Wigner function, this difference does manifested neither as a phase space nonclassicality nor as a quantum correlation. However, as we mentioned previously these states are locally equivalent. This implies that performing any local unitary operations on these states do not influence the amount of quantum correlation, but can change the negativity of the Wigner function. Therefore we are looking for a local unitary operation that brings local subsystems to classical and, at the same time, reduces the amount of the negativity of the Wigner function of the state as much as possible [22] . By definition this associate to each state, up to a local unitary operation, a unique measure of nonclassicality. Accordingly, we define the following quantity as the minimum negativity of the state 
V. CONCLUSION
We have considered two locally equivalent, but globally different, two-mode separable states ρ (++) , ρ (+−) and analyzed the nonclassicality of theses states. It is shown that in spite of the posivity of the Wigner functions of the subsystems and equality of the global nonclassicality futures such as Mandel Q parameter and quadrature squeezing, the negativity of the global Wigner functions for these states are different. More investigation have reveled that quantum correlation is responsible for the difference manifested by the negativity of the Wigner function. Indeed, it is shown that negativity of the Wigner function, non-Gaussianity, quantum discord, and LQU of the state ρ (++) are larger than the corresponding quantities of the state ρ (+−) , but the geometric discord of both states are the same.
We have also investigated the role of rank criterion and found that when the quantum correlated states can be produced locally from classically correlated states, classical correlation, instead of quantum correlation, can be responsible for the difference between negativity of the Wigner function of two states. Moreover, we have also introduced two another pairs of states, denoting by {σ }, with the goal that the first pair has nonzero quantum correlation but their quantum correlation can be produced by local channels, and the second pair exhibits no quantum correlation at all. More precisely, we have introduced a local channel Φ ⊗ Φ in such a way that we can prepare the former pair from the second one. We found that for the first pair, the Wigner functions of both states are positive and the states possess the same amount of quantum correlations measured by quantum discord, LQU, and geometric discord. On the other hand for the second pair, which contains two locally unitarily equivalent states with no quantum correlation, the Wigner functions possess different negativity, although they possess the same amount of negative Mandel Q parameter and no evidence for squeezing. In order to overcome this issue we have defined minimum negativity of a state which is invariant under local unitary operation. Further study on this measure is under considerations.
